Abstract. Elevated levels of periostin have been implicated as playing important roles in tumor invasion and metastasis in various tissues. Thus, we determined whether serum periostin levels were associated with progression and poor prognosis in colorectal cancer (CRC) patients. We measured serum periostin levels by ELISA in 67 CRC patients and 120 controls. We also evaluated periostin expression in human CRC specimens (n=15) using immunohistochemistry, and measured expression of periostin mRNA in 7 CRC tissue samples, matched normal tissues and in 4 colon cancer cell lines by RT-PCR. We analyzed the relationship between serum levels of periostin and other clinicopathologic characteristics in patients with CRC. The serum levels of periostin in CRC patients (40.9±15.4 ng/ml) were significantly elevated compared to that in healthy volunteers (21.0±7.3 ng/ml, P<0.0001) and benign colorectal polyps or adenomas (22.4±8.5 ng/ml, P<0.0001). Higher preoperative serum levels of periostin in CRC were found to correlate with distant metastasis (P=0.003), advanced-stage disease (stage III/IV, P<0.0001) and poor prognosis. Preoperative serum periostin levels of 15 cases were significantly higher than matched postoperative levels (47.2±13.5 ng/ml vs. 31.3±11.0 ng/ml, P=0.008). Twelve of 15 patients (80%) had positive immunohistochemical periostin staining in CRC samples. Interestingly, periostin mRNA was highly upregulated in CRCs in comparison with matched normal tissues, and no expression of periostin mRNA was detected in 4 colon cancer cell lines. Serum levels of periostin detected by ELISA may be of clinical value in identifying patients who may be at high risk for aggression and metastasis of CRC. Periostin may be produced by the stromal cells surrounding the tumor, but not by the CRC cells themselves.
Introduction
Colorectal cancer (CRC) is the second most common cancer in developed countries, and ~1 million new cases worldwide every year (1) . Despite advances in molecular biology of the pathogenesis of cancer and in its management, a variety of cancer patients, including CRC patients, would eventually die from recurrence and dissemination of cancer soon after surgery. Therefore, identifying novel biological markers related to tumor aggressiveness and metastasis is urgently needed.
Approximately 30% of patients with localized CRC have micrometastatic disease that is difficult to detect at the time of diagnosis and treatment and results in disease recurrence and death several years after diagnosis (2) . Serum biomarkers would be valuable in facilitating non-invasive diagnosis of early-stage malignant tumor; they would also be useful to clinicians in detecting micrometastasis, determining the risk of recurrence, and predicting prognosis, thus helping clinicians determine suitable therapy.
It is reported that cell adhesion molecules (CAMs) do not only play important roles in keeping cells close contact, but are also involved in pathologic conditions, including tumor progression, invasion, and metastasis (3, 4) . Periostin, secreted by osteoblasts, shares a structural homology to insect fasciclin I and supports adhesion of osteoblasts (5, 6) , leading to a hypothesis that it functions to modulate cell-to-matrix interactions and acts in cell adhesion, migration, and growth. Periostin can serve as a ligand for several integrins, such as ·vß3, ·vß5 (7, 8) or ·6ß4 (9) , and activate the Akt/PKB signaling pathway through ·vß3 integrins to increase colon cancer cell survival (7) . Whereas integrin expression level is supposed to be related to metastasis, relapse and prognosis of CRC (10, 11) . In addition, expression of periostin is reported to be elevated in certain malignant tumors including head and neck cancer (12, 13) , nasopharyngeal carcinoma (14) , breast cancer (15) (16) (17) , CRC (7), and pancreatic carcinoma (9, 18) . Circulating levels of periostin was found to be elevated in thymoma, breast cancer with bone metastases, and pancreatic carcinoma (9, (19) (20) (21) . However, to our knowledge, there have been no studies on circulating levels of periostin in human CRC. We hypothesize that measuring serum levels of periostin may provide informative markers for monitoring CRC before surgery.
In the present study, we focused on serum levels of periostin in patients with CRC, colorectal polyps or adenomas and healthy volunteers using ELISA. Thereafter, we examined the clinical implications of circulating periostin by investigating the relationship between serum periostin levels and clinicopathologic characteristics of CRC patients. We also measured the expression of periostin mRNA and protein in CRC specimens and cell lines by RT-PCR and immunohistochemistry analysis to determine the site of periostin production.
Materials and methods
Subject and follow-up. The study group consisted of 67 untreated patients with CRC, hospitalized in the department of surgery, Rui-jin Hospital between 10/2006 and 6/2007. CRC was diagnosed in surgically resected tissues or biopsy tissues. These patients were 42 males and 25 females from 28 to 84 years of age (62±12, mean ± SD). Fifty-six percent and 44% of the subjects were affected, respectively, by carcinomas of rectum and colon. Fifty-five percent of CRC patients were staged as early disease (stage I and II) according to TNM staging system; and 45% as advanced disease (stage III and IV) (22) . Sixty-three healthy volunteers and 57 patients with benign colorectal polyps or adenomas were recruited as controls. Demographic information of all subjects is reported in Table I . Patients who were unable or unwilling to give informed consent or who had undergone chemotherapy or radiation therapy before surgery were excluded, as were patients and controls with rheumatic disease, acute infection, HIV or other types of cancer. A 10-ml blood sample was drawn from each subject prior to surgery, spun, aliquot, and stored at -80˚C until testing. Additionally 15 blood samples were collected from CRC patients one month after surgery. Classical tumor markers of CEA were routinely detected by chemiluminescence immunoassay (CLIA, Abbott Architect i2000) at the clinical ward before operation. Follow-up was performed for the whole group until the end of June 1, 2008. Overall survival time was calculated as the time in months from the date of diagnosis to death (for non-censored events) or to the most recent contact/visit (for censored events) as of June 1, 2008. All investigations described in this study were done after informed consent and in accordance with the Institutional Review Board and the Ethics Committee of Ruijin Hospital (Shanghai, P.R. China).
Tissue sample. For RNA extraction, 7 representative fragments of fresh tumor and matched normal tissues at least 5 cm away from malignant tissues were taken within 1 h after surgery. They were immediately snap-frozen in liquid nitrogen, and then stored at -80˚C until processing. Informed consent was obtained from all patients before surgery.
Cell culture. SW480, LS174T, SW620 and HT-29 cells, derived from human colon adenocarcinoma, were obtained from the American Type Culture Collection (ATCC, Manassas, VA). Cells were grown in RMPI-1640 medium (Invitrogen, Carlsbad, CA) supplemented with 10% heat-inactivated fetal bovine serum and 100 U/ml of penicillin-streptomycin (Invitrogen) under the following conditions: 5% CO 2 in air at 37˚C. Media were changed 3 times weekly.
RT-PCR. Total RNA was isolated from cultures of cells or human fresh-frozen colorectal tissue samples with the use of TRIzol reagent (Invitrogen) following the manufacturer's protocol. cDNA template was synthesized from 3 μg of total RNA using random hexamers and a SuperScript III First-strand synthesis kit (Invitrogen), according to the manufacturer's instructions. PCR was performed on 2 μl of RT products in a 25 μl reaction mixture using Ex Taq polymerase (Takara, Ohtsu, Japan). The initial PCR denaturation step was performed for 5 min at 95˚C, followed by 35 cycles of 40 sec at 95˚C (melting) and 60 sec at 58˚C (annealing/ elongation). All reactions were performed in duplicate. The data were normalized to an internal control gene, ß-actin, to control for the amount of RNA in the preparation. Primer sequences were: human periostin, 5'-GGCTTGGCATCT GCTCTG-3' (forward) 5'-TTCTCCCTTGCTTACTCC-3' (reverse, product size: 271 bp); human ß-actin, 5'-GGGA CCTGACTGACTACCTCAT-3' (forward) and 5'-CAAG AAAGGGTGTAACGCAACTA-3' (reverse, product size: 617 bp). The amplification products were electrophoresed on 1.5% agarose gels.
ELISA. Flat-bottom microplates (96-well) (Becton Dickson, Franklin Lakes, NJ) were coated overnight at 4˚C with 1 μg/ml (0.1 μg per well) of anti-periostin monoclonal antibody (R&D Systems, Minneapolis, MN), diluted in 0.05 mol/l carbonatebicarbonate. After blocking with a 3% phosphate-buffered saline-bovine serum albumin solution (PBSA) for 2 h at room temperature, 100 μl/well of undiluted sera, in duplicate, were added. Unbound periostin was removed by washing the plates 5 times with washing buffer and a rabbit polyclonal antibodies to periostin (Ab14041, Abcam, Cambridge, UK) diluted in PBS were added to the plates for 1 h at room temperature. Horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin (1:500 dilution in PBS) were used for detection. The reaction was terminated by addition of 1N sulfuric acid, and the absorbance was measured at 450 nm with a microtiter plate reader (Titertek Instruments Inc., Huntsville, AL). For Table I . Patient demographics. 
formation of the standard curve to determine serum periostin levels of these patients, diluted recombinant periostin protein (R&D Systems) at concentrations ranging from 390 pg/well (100 μl) to 50 ng/well (100 μl), or 100 μl/well of 3% PBSA used as a negative control was added. Serum periostin levels were determined with no knowledge of clinical data.
Immunohistochemistry. Formalin-fixed, paraffin-embedded, archival surgical specimens of CRC were chosen, and a histopathological diagnosis was made on hematoxylin and eosin-stained sections. Specimens were used for immunohistochemistry with a polyclonal (rabbit) anti-human periostin antibody (Ab14041, Abcam). Tissue sections (4 μm) were deparaffinized in xylene and rehydrated in graded ethanol. Slides were then immersed in 10 mmol/l citrate buffer (pH 6) and microwaved at 750 W for a total of 10 min. Endogenous peroxidase activity was quenched with 0.6% hydrogen peroxide. After blocked with 5% normal goat serum, the samples were incubated with primary antibody for 2 h at 4˚C, then incubated with peroxidase-labeled (goat) antirabbit antibody (Dako Cytomation, Copenhagen, Denmark). Assessment for the periostin-expressing cells was performed by a pathologist (F.Y.) in a blinded manner. In each experiment, a negative control was included in which primary antibody was replaced by PBS. The negative control sections showed no special immunoreactivity.
Statistical analysis. Data analysis was performed using the SPSS 13.0 statistical software package (SPSS Inc., Chicago, IL). A normal range of periostin concentrations was calculated as the mean in controls ± 2SD (standard deviations). Statistical analysis was done using the Mann-Whitney U test for unpaired samples and the Wilcoxon signed rank test for paired samples. To evaluate the association between serum periostin levels and serum CEA levels, we used nonparametric Spearman's correlation coefficients method. Because of the wide distribution of serum CEA levels, values were plotted on a logarithmic scale. Survival curve was calculated according to the Kaplan-Meier method and P-value was evaluated by the log-rank test for censored survival data. Tests with P≤0.05 were considered to be statistically significant and all statistical tests were two-sided.
Results

RT-PCR analysis of periostin mRNA.
To determine the expression of periostin mRNA in human CRC cell lines and in human CRC tissues, we performed RT-PCR analysis on four CRC cell lines, 7 CRC tissue samples and matched normal tissues. As shown in Fig. 1 , the average of periostin expression levels (periostin/ß-actin signal intensity ratio) was higher in tumors than in matched normal tissues. If significant up-regulation of periostin mRNA exists in primary colorectal cancers, then one would presume that similar levels of expression would be noted in colorectal cancer cell lines. Surprisingly, human periostin mRNA was not present in cell lines (HT29, SW620, LS174T, SW480). This was a representative of two experiments done in triplicate.
Analysis of periostin levels by ELISA. To determine serum periostin levels, we developed a sandwich-ELISA diagnostic kit using a monoclonal antibody to periostin. By adding the recombinant human periostin protein at concentrations ranging from 390 pg/well (100 μl) to 50 ng/well (100 μl), we 
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established the standard curve for estimation of the concentration of periostin in sera of the patients (Fig. 2A) .
The screening of periostin levels in non-cancer and cancer-patient-derived sera revealed distinct patterns. As shown in Fig. 2B , the serum periostin concentrations in 67 CRC patients (40.9±15.4 ng/ml, mean ± SD) were significantly higher than those in 63 volunteers (21.0 ±7.3 ng/ml; P<0.0001) and in the 57 benign colorectal adenoma or polyp patients (22.4±8.5 ng/ml; P<0.0001). We determined the normal range of serum periostin concentration as (6.4-35.6) ng/ml (mean in 63 volunteers ± 2SD). Two subgroups of CRC patients were divided according to the serum levels of periostin as normal (<35.6 ng/ml) or elevated (≥35.6 ng/ml) at the time of diagnosis. Table II , in the 67 primary CRC patients studied, there was no significant difference in serum periostin levels according to gender (P=0.279), age (P=0.660), depth of invasion (P=0.193), histological grading (P=0.852), site of lesion (P=0.347) and node status (P=0.364) were found. Interestingly, we demonstrated significant difference in serum periostin levels of CRC patients with advanced-stage disease (III/IV) compared with early-stage disease (I/II) (P<0.0001; Fig. 3A ). In addition, the serum levels of periostin in CRC patients with metastasis were significantly higher than those with localized lesion (56.9±15.1 ng/ml vs. 38.0±11.4 ng/ml, P=0.003; Fig. 3B ). Furthermore, based on log-transformed values, we were unable to demonstrate a correlation between periostin concentrations and serum CEA concentrations (correlation coefficient, 0.148; P=0.231; Fig. 3C ). This lack of correlation suggested that the two might provide complementary information. Postoperative serum periostin levels in 15 cases were significantly lower than preoperative levels of the same patients (31.3±11.0 ng/ml vs. 47.2±13.5 ng/ml, P=0.008). Two patients showed increased serum periostin levels after operation and 13 patients showed decreased serum periostin levels after operation (Fig. 3D) .
Concentrations of periostin and clinical features in 67 primary colorectal cancer. As shown in
Correlation of periostin levels with survival rate. The patients with benign colorectal polyps or adenomas were followed for a median of 16.3 months (range: 12.2-20.5 months) after enrollment, and no one developed CRC. Follow-up also showed that CRC patients with normal levels of periostin have better survival than CRC patients with elevated levels Table II . Correlations of serum periostin levels with the clinicopathologic factors in 67 patients with primary colorectal cancer.
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of periostin. The mean survival time of periostin normal group was 14.7±0.9 months. The mean survival time of periostin elevated group was 11.7±0.9 months. Kaplan-Meier survival curves and log-rank statistics showed that the serum periostin levels can be used as a prognostic biomarker for CRC (Fig. 4,  P=0 .038).
Analysis of periostin expression by immunohistochemistry.
To determine localization of periostin protein in human CRC tissue samples, we performed immunohistochemical staining for periostin on two normal colon, two metastatic lymph nodes, two metastatic liver and 15 cases of primary CRC, including 5 cases of stage II, 9 cases of stage III, and 1 case of stage IV. As shown in Fig. 5 , the immunostaining analyses indicated that high levels of periostin were present in stromal areas just surrounding the primary CRC (Fig. 5B ) and metastatic tumors in the liver (Fig. 5C ) and in the lymph node (Fig. 5D ), whereas very little expression was found in cancer cells themselves. Overall, the majority (80%) of primary colon tumors displayed prominent levels of periostin staining. No or faint staining was seen from normal colorectal tissue section (Fig. 5A ).
Discussion
The expression of periostin has been shown to play a role in colon cancer progression by influencing cell growth, invasion, and apoptosis (7, 23, 24) . In the present study, we investigated both serum levels and expression of periostin in CRC tissue samples, and analyzed potential correlations between serum periostin levels and certain clinical characteristics of the tumor. We showed that there is up-regulated expression of periostin in the majority of CRC tissue samples and that serum elevated levels of periostin are associated with metastasis, advancedstage disease and dismal outcome of CRC, suggesting that periostin may be related to progression and development of the tumor. Periostin, an 811-amino acid protein, was originally found to be preferentially expressed in periosteum in bone tissue (5, 6) . Periostin contains 4 internal repeats sharing a homology with fasciclin I, which leads to the hypothesis that it functions to recruit and attach osteoblasts to the periosteum (25) . It has been shown by serial analysis of gene expression (SAGE) and multiple genome-wide microarrays that human periostin gene is overexpressed in several human tumors including carcinomas of ovary, breast, pancreas and head and neck squamous cell carcinoma (26) (27) (28) (29) (30) . On the other hand, acquired expression of periostin by cancer cells greatly promotes metastatic development, adhesion and invasion of cancer cell lines (7, 8, 12, 13, 15) . Cumulative findings suggest that high expression of periostin might be a common event in tumor development. However, it has also been reported that decreased expression of periostin is associated with progression of bladder cancer in humans (31, 32) . This confounding results might be due to different functions according to different histopathological types of cancer, or it might be a function of the local periostin concentration in various tissues/experimental settings. One study has demonstrated that periostin has biphasic effects on the migration of pancreatic carcinoma cells (33) .
Serum markers for early diagnosis and/or prognostic value of cancer offer several advantages, such as low cost and possibility of detection with rapid and simple tests. Sasaki et al reported (19) that periostin serum level was elevated in breast cancer with bone metastases, and suggested it as a tumor marker in breast cancer. However, it remains unclear what is the correlation between serum levels of periostin and certain clinical characteristics of CRC. In the present study, we demonstrated that preoperative serum concentrations of periostin were significantly higher in CRC patients than in benign colorectal polyps or adenoma and healthy controls, which suggested that the preoperative detection of serum concentrations of periostin might be useful in distinguishing between benign and malignant colorectal diseases, and that periostin might be involved in progression of CRC. Next, we demonstrated the possible correlation between serum levels of periostin and clinical features in CRC. In fact, serum periostin levels of stage III or IV were significantly higher than that of stage I or II and healthy controls. Furthermore, we demonstrated that serum periostin levels in CRC patients with metastasis were significantly higher than those with localized lesion and that CRC patients with elevated levels of periostin would have worse outcome than patients with normal levels of periostin. All these results suggested that periostin might play a pivotal role in progression and development of the tumor and might serve as a biomarker for monitoring progression, and thus predicting prognosis of CRC.
The source of periostin remains unclear. In the present work, we found that serum periostin levels after surgery revealed a significant decrement below preoperative levels (P=0.008), which suggested that periostin was produced by the tumor or by other cells responding to the tumor. In this regard, we found that periostin mRNA was not expressed or expressed at low levels in colon cancer cell lines and normal human colorectum tissue samples as compared with CRC tissue samples. In addition, we demonstrated that a high frequency of periostin expression was observed in CRC tissue surrounding primary tumors by immunohistochemistry. All these studies indicated the latter possibility and this was in line with other studies (12, 13, 18) . Erkan et al has identified periostin as an exclusively matrix-specific protein secreted by pancreatic stellate cells in pancreatic carcinoma (18) .
It is of note that serum levels of periostin by the current assay are in the 7.7-101.7 ng/ml range in the controls and CRC patients, whereas previous research based on a chemiluminescence assays by Sasaki et al (20, 21) have reported serum levels of periostin ~1,000 ng/ml in thymoma and NSCLC. These reported values are 2-to 12-fold higher than the current results. The reason for these discrepancies is unknown, but they may result from the use of different methods and different affinity and avidity of the antibodies.
Collectively the previous and present study suggest that periostin can be a useful marker to predict metastasis and clinical staging in CRC before surgery. The current study also indicates that CRC patients with elevated periostin levels may have a poor prognosis. Prospective studies in a larger population should be carried out to confirm our findings.
